In this paper [1] we study the identification of sparse interaction networks, from a given set of observations, as a machine learning problem. An example of such a network is a sparse gene-protein interaction network, for more details see [2] . Sparsity means that we are provided with a small data set and a high number of unknown components of the system, most of which are zero. Under these circumstances, a model needs to be learned that fits the underlying system, capable of generalization. This corresponds to the student-teacher setting in machine learning.
In some engineering applications, the number of measurements M available for system identification and model validation is much smaller than the system order N, which represents the number of components. This substantial lack of data can give rise to an identifiability problem, in which case a larger subset of the model class is entirely consistent with the observed data so that no unique model can be proposed. Since conventional techniques for system identification are not well suited to deal with such situations, it thus becomes important to work around this by exploiting as much additional information as possible about the underlying system. In particular, we are interested in the relation between the number of measurements and the number of components, the sparsity of the network and the influence of noise.
In the first part of this paper we introduce a learning algorithm, based on L 1 -minimization, to identify interaction networks from poor data and analyze its dynamics with respect to phase transitions. The efficiency of the algorithm is measured by the generalization error, which represents the probability that the student is a good fit to the teacher. Our findings illustrate that the quality of the fit depends on several factors such as the ratio of the training set size to the system size and on the sparsity of the network.
In the second part of this paper we show that from a system with a specific system size value the generalization error of other system sizes can be estimated.
